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Description 

BACKGROUND OF THE INVENTION 

5 (a) Field of the Invention 

[0001] The present invention relates to an apparatus and metliod for manufacturing molten iron. More particularly, 
the present invention relates to an apparatus and method for manufacturing molten iron in which fine direct reduced 
iron and calcined additives are supplied to a melter-gasifier after these materials undergo hot compacting to thereby 
10 manufacture molten iron. 

(b) Description of the Related Art 

[0002] The iron and steel industry is a core industry that supplies the basic materials needed in construction and in 
15 the manufacture of automobiles, ships, home appliances, and many of the other products we use. It is also an industry 
with one of the longest histories that has progressed together with humanity. In an iron foundry, which plays a pivotal 
roll in the iron and steel industry, after molten iron (i.e., pig iron in a molten state) is produced using iron ore and coal 
as raw materials, steel is produced from the molten iron then supplied to customers. 

[0003] Approximately 60% of the world's iron production is realized using the blast furnace method developed in the 
20 14th century. In the blast furnace method, coke produced using as raw materials iron ore and bituminous coal that have 
undergone a sintering process are placed in a blast furnace, and oxygen is supplied to the furnace to reduce the iron 
ore to iron to thereby manufacture molten iron. The blast furnace method, which is a main aspect of molten iron production, 
requires raw materials having a hardness of at least a predetermined level and grain size that can ensure ventilation in 
the furnace. As a carbon source used as fuel and a reducing agent, specific raw coal depends on coke that has undergone 
25 processing, and as an iron source, there is a dependence primarily on sintered ore that has undergone a successive 
compacting process. Accordingly, in the modern blast furnace method, it is necessary to include raw material preparation 
processing equipment such as coke manufacturing equipment and sintering equipment, and not only is it necessary to 
obtain accessory equipment in addition to the blast furnace, but equipment to prevent and minimize the generation of 
pollution in the accessory equipment is needed. The amount of investment, therefore, is considerable, ultimately in- 
30 creasing manufacturing costs. 

[0004] In order to solve these problems of the blast furnace method, significant effort is being put forth in iron foundries 
all over the world to develop a smelting reduction process that produces molten iron by directly using common coal as 
fuel and a reducing agent, and also directly using fine ores, which make up over 80% of the world's ore production, as 
an iron source. 

35 [0005] U.S. Patent Publication No. 5,534,046 discloses an apparatus for manufacturing molten iron that directly uses 
common coal and fine ores. FIG. 9 shows a simplified version of an apparatus for manufacturing molten iron disclosed 
in U.S. Patent Publication No. 5,534,046. As shown in FIG. 9, a conventional molten iron manufacturing apparatus 900 
includes three fluidized-bed reactors 91 0 in which fluidized beds are formed, and a melter-gasifier 960 connected thereto. 
Fine ores and additives at room temperature are charged in the first fluidized-bed reactor, then sequentially passed 

40 through all three of the fluidized-bed reactors 91 0. Since high temperature reducing gas is supplied to the three fluidized- 
bed reactors 910 from the melter-gasifier 960, the fine ores and additives increase in temperature as a result of the 
contact made with the high temperature reducing gas. At the same time, 90% or more of the fine ores and additives at 
room temperature is reduced, and 30% or more of the same is calcined then charged into the melter-gasifier 960. 
[0006] Coal is supplied to the melter-gasifier 960 to form a coal packed bed, and the fine ores and additives at room 

45 temperature undergo fusion and slagging in the coal packed bed to be exhausted as molten iron and slag. Oxygen is 
supplied through a plurality of tuyeres mounted to an outer wall of the melter-gasifier 960 such that the coal packed bed 
is burned and converted into high temperature reducing gas, after which the high temperature reducing gas is supplied 
to the fluidized-bed reactors 910. Following reduction of the fine ores and additives at room temperature, they are 
exhausted outside. 

50 [0007] However, in the molten iron manufacturing apparatus 900 described above, a high speed gas stream is formed 
to an upper end of the melter-gasifier 960 such that the fine direct reduced iron and the calcined additives charged in 
the melter-gasifier 960 undergo scattering loss. Furthermore, in the case where the fine direct reduced iron and the 
calcined additives are charged in the melter-gasifier 960, it is difficult to ensure that the coal packed bed in the melter- 
gasifier 960 is able to be ventilated and can flow freely. 

55 [0008] To overcome this problem, there is being researched a method in which fine direct reduced iron and calcined 
additives are hot compacted and charged in a melter-gasifier. As an example, a method and apparatus for manufacturing 
elliptical sponge iron briquettes are disclosed in U.S. Patent Publication No. 5,666,638. Also, U.S. Patent Nos. 4,093,455, 
4,076,520, and 4,033,559 disclose a method and apparatus for manufacturing plate-shaped and corrugated irregular 
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sponge briquettes. Such sponge briquettes are realized by liot compacting fine direct reduced iron tlien cooling the 
same to obtain a density of 5 tons/m^ such that the sponge briquettes are suitable for long distance transportation. 
[0009] However, if compacted material with a high density as described above is charged into a melter-gasifier, a 
melting point of reduced iron that is melted in the coal packed bed in the melter-gasifier is increased. This increases the 

5 amount of fuel needed for melting of the reduced iron to thereby increase energy consumption. 

[0010] Further, since pressing is performed at high pressures for the purposes of long distance transportation, the 
roller presses are easily worn. Accordingly, production costs are increased by the rise in equipment expenses. 
[0011] In addition, in the case where fine direct reduced iron is compacted to a plate or corrugated irregular shape, 
the compacted material becomes split apart along its length if formation is to at least a predetermined thickness. In this 

10 case, since a flattened shape results after the compacted material is made thinner and crushed, when charged in the 
melter-gasifier, the compacted material is densely packed such that the ventilation in the melter-gasifier is reduced. 
[0012] Finally, in the case where fine direct reduced iron is roll pressed, it is necessary to increase the amount of fine 
direct reduced iron that is charged to enhance productivity. This increases the thickness of the compacted material such 
that it is not continuously formed and instead is interrupted. As a result, the reduction speed of the plate-shaped compacted 

15 material is increased such that it passes through a first crusher in a state of not having been crushed. Therefore, much 
assembled compacted material is produced such that significant stress is given to a second crusher. Further, in the 
case where the compacted material that is crushed is increased in the second crusher, the amount of powder produced 
is increased during crushing such that ventilation during charging in the melter-gasifier is deteriorated. 

20 SUMMARY OF THE INVENTION 

[0013] The present invention has been made in an effort to solve the above problems. The present invention provides 
an apparatus and method for manufacturing molten iron in which fine direct reduced iron and calcined additives are 
used after undergoing hot compacting. 
25 [001 4] It is an object of the present invention to manufacture compacted material in such a manner that it is continuously 

formed without breaks or being split apart and the amount of powder produced is reduced. 

[001 5] To achieve the above object, the present invention provides a method for manufacturing molten iron, comprising 
the steps of: 

30 producing reduced materials comprising hot fine direct reduced iron, the reducing material being produced from a 

fluidized bed reactor unit; 

charging the fine direct reduced iron to at least one pair of roller presses; 

roll pressing the reducing material through the one pair of roller presses to produce continuous compacted material 
having grooves formed on pressed surfaces: 

35 

crushing the compacted material; 

charging the crushed compacted material to a coal packed bed; and supplying oxygen to the coal packed bed 
to manufacture molten iron, wherein in the producing compacted material , from a cross section where the 

compacted material is cut along a lengthwise direction thereof that is perpendicular to an axial direction of the 
40 roller presses, a groover of a second surface is positioned between two adjacent grooves of a first surface. 

[0016] In the charging the reducing material, the reducing material is preferably charged in two slanted directions at 
acute angles to a direction perpendicular to the roller presses. 

[0017] The method may further include bypassing the crushed compacted material; cooling the bypassed compacted 
45 material; and storing the cooled compacted material. 

[0018] The method may further include performing another crushing process of the crushed compacted material in 

the case where an average grain size of the crushed compacted material exceeds 30 mm. 
[0019] In addition, the method may further include supplying nitrogen in each step. 

[0020] The method may also include collecting dust particles generated in each step; wet scrubbing the collected dust 
50 particles; removing moisture from the wet scrubbed dust particles; and discharging the dust particles from which moisture 
has been removed to the outside. 

[0021] Preferably, a ration of an arc length between a corresponding point of the first surface corresponding to a 
groove of the second surface and at least one of adjacent grooves of the first surface, to an arc length between the 
adjacent grooves of the first surface is between 0.3 and 0.5. 
55 [0022] The method may further include mixing hot calcined additives from multiple fluidized beds with the fine direct 
reduced iron and performing each step. 

[0023] Preferably, the calcined additives are 3.20 wt% of the total compacted material. 

[0024] In the producing the compacted material, the fine direct molten iron is preferably roll pressed at a temperature 
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of 400 to 800 by the one pair of roller presses. 

[0025] In the producing the compacted material, the fine direct molten iron may be roll pressed to 140 to 250 bar by 
the one pair of roller presses. 

[0026] Preferably, in the producing the compacted material, the produced compacted material has a thicl<ness of 3 
5 to 30 mm and a density of 3.5 to 4.2 tons/m^. 

[0027] In the crushing the compacted material, an average grain size of the compacted material may be 50 mm or 
less, and crushing may be performed to irregular shapes. 

[0028] Preferably, the average grain size of the compacted material is 30 mm or less. 

[0029] Preferably, in the charging the crushed compacted material to a coal packed bed, the compacted material with 

10 a grain size of 1 to 30 mm is 25 to 1 00 wt% of the total. 

[0030] An apparatus for manufacturing molten iron includes a charge container receiving the supply of reduced material 
comprising hot fine direct reduced irons from at least one fluidized-bed reactor unit are mixed; at least one pair of roller 
presses to which the fine direct reduced iron is supplied to undergo roll pressing, thereby producing continuous compacted 
material; a crusher crushing the compacted material produced by the roller presses; and a melter-gasifier to which is 

15 charged crushed compacted material that is crushed by the crusher, wherein concave grooves are uniformly and con- 
tinuously formed along an axial direction of the at least one pair of roller presses on an outer surface thereof, and 
protrusions are formed between adjacent concave grooves along a circumferential direction of the roller presses; and 
wherein the at least one pair of roller presses are formed such that a protrusion of a second roller press is positioned 
between two adjacent protrusions of a first roller press during production of the compacted material. 

20 [0031] Preferably, the charge container includes a hollow chamber positioned above an area corresponding to between 
the roller presses; intake pipes connected to an upper portion of the hollow chamber and that supplies reducing material 
thereto; and charge members mounted to both sides of the intake pipes making an acute angle with a vertical direction 
of the roller presses, and that are rotatably driven in this state such that reducing material in the hollow chamber is 
charged to the roller presses. 

25 [0032] The apparatus may further include a cooler for bypassing the crushed compacted material and cooling the 

same with water; and a storage tank for transporting and storing the compacted material cooled by the cooler. 
[0033] The cooler may include a first conveyor that receives the crushed compacted material and submerges the 
compacted material in water to cool the same, then transmits the cooled compacted material to the storage tank; and 
a second conveyor on which are mounted a plurality of blades that collect crushed compacted material powder that has 
30 collected on the floor, and supply the powder to the storage tank. 

[0034] The apparatus may further include a hot separator for separating compacted material among the crushed 
compacted material with a grain size of 30 mm or more; and an additional crusher for re-crushing the compacted material 
selected by the hot separator. 

[0035] The apparatus may also further include a nitrogen supply device for supplying nitrogen to the roller presses, 

35 the first crusher, and the second crusher. 

[0036] Preferably, the roller presses are operated such that a ratio of an arc length between a corresponding point of 
the first roller press corresponding to a tip of protrusion of the second roller press and at least one tip of protrusion of 
the first roller press, to an arc length between the tips of adjacent protrusions of the first roller press, is between 0.3 and 0.5. 
[0037] Preferably, the roller presses further include a hydraulic press unit, and the first roller press undergoes rotation 

40 in a stationary position while the second roller press may be varied in position to adjust an interval with the first roller 
press by the hydraulic press unit. 

[0038] The apparatus may further include a dust collecting port collecting dust particles generated in the charge 
container, and by the roller presses and the crusher; a wet scrubber for wet scrubbing dust particles collected at the 
dust collecting port; and a dehumidifier for removing the moisture from the dust particles that are wet scrubbed by the 
45 wet scrubber. 

[0039] Preferably, the compacted material produced by the roller presses has a thickness of 3-30 mm and a density 

of 3.5-4.2 tons/m^. 

[0040] Preferably, an average grain size of the crushed compacted material is 50 mm or less, and crushing is performed 
to irregular shapes. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] The accompanying drawings, which together with the specification, illustrate exemplary embodiments of the 
present invention, and, together with the description, serve to explain the principles of the present invention. 
55 [0042] FIG. 1 is a schematic view of an apparatus for manufacturing molten iron according to an embodiment of the 
present invention. 

[0043] FIG. 2 is a sectional view of a charge container according to an embodiment of the present invention. 
[0044] FIG. 3 is a drawing schematically showing roller presses and compacted material formed by the same according 
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to an embodiment of the present invention. 

[0045] FIG. 4 is a sectional view of compacted material manufactured according to an embodiment of the present 
invention. 

[0046] FIG. 5 is a drawing schematically showing an operation of roller presses and a first crusher according to an 
5 embodiment of the present invention. 

[0047] FIG. 6 is a sectional view of a cooler according to an embodiment of the present invention. 
[0048] FIG. 7 is a drawing schematically showing a dust collector according to an embodiment of the present invention. 
[0049] FIG. 8 is a drawing schematically showing compacted material manufactured using conventional roller presses. 
[0050] FIG. 9 is a drawing schematically showing a conventional apparatus for manufacturing molten iron. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

[0051] Preferred embodiments of the present invention will now be described in detail with reference to the accom- 
panying drawings. It should be clearly understood that many variations and/or modifications of the basic inventive 
75 concepts may appear to those skilled in the present art. The embodiments are to be regarded as illustrative in nature, 
and not restrictive. 

[0052] FIG. 1 is a schematic view of an apparatus for manufacturing molten iron according to an embodiment of the 
present invention. A hot compacting assembly 100 of a molten iron manufacturing apparatus 10 of FIG. 1 is enlarged 
to allow for better description thereof. 

20 [0053] The molten iron manufacturing apparatus 1 0 includes a hot compacting assembly 1 00, a fluidized-bed reactor 
unit 300, and a melter-gasifier assembly 400. The fluidized-bed reactor unit 300 includes multiple stages of fluidized- 
bed reactors having fluidized beds. In FIG. 1 , an example is shown in which the fluidized-bed reactor unit 300 has four 
fluidized-bed reactors. However, the present invention is not limited to this number of fluidized-bed reactors. The four 
fluidized-bed reactors include a first pre-heating furnace 31 0, a second pre-heating furnace 320, a preliminary reducing 

25 furnace 330, and a final reducing furnace 340. The four fluidized-bed reactors reduce and calcine fine ores and additives 
at room temperature using reducing gas supplied from a melter-gasifier 430 to manufacture a mixed reducing material, 
and supply the same to the hot compacting assembly 1 00. The hot compacting assembly 1 00 roll presses and crushes 
the reducing material to manufacture compacted material. The hot compacting assembly 100 then supplies the com- 
pacted material to the melter-gasifier assembly 400. 

30 [0054] The hot compacting assembly 1 00 according to the embodiment of the present invention includes the basic 
elements of a charge container 20, a pair of roller presses 30, and a first crusher 40. The hot compacting assembly 1 00 
also includes a hot storage container 1 1 , a cooler 60, a storage tank 69, a branching unit 50, a hot separator 70, a 
second crusher 80, and a hot conveying unit 90. The hot compacting assembly 1 00 according to the embodiment of the 
present invention may also include other elements as needed. 

35 [0055] The elements comprising the hot compacting assembly 100 will now be described in detail. 

[0056] A reducing material of mixed fine direct reduced iron and calcined additives of 700°C or greater and a volumetric 
density of 2 tons/m^ is transferred to and stored in the hot storage container 1 1 . Since an exhaust pressure of the final 
reducing furnace 340 is 3 bar and a flow rate is 3000 m^/h, hot fine direct reduced iron and calcined additives are 
transferred under pressure. It is possible to use only the hot fine direct reduced iron without using the calcined additives. 

40 However, it is preferable that calcined additives are mixed with hot fine direct reduced iron to 3-20 wt% of the total in 
order to prevent the hot fine direct reduced iron from easily breaking down in the melter-gasifier. 
[0057] The hot storage container 1 1 includes a level control device 13 mounted to a lower side surface thereof. The 
level control device 1 3 detects a level of a reducing material stored in the hot storage container 1 1 , and if a predetermined 
level is reached, transfer of reducing material from the fluidized-bed reactor is discontinued. 

45 [0058] An open/close valve 15 is mounted to a lower end of the hot storage container 1 1 . The open/close valve 15 
includes an open/close plate 1 5a for opening and closing the lower end of the hot storage container 1 1 , and a hydraulic 
actuator 15b for controlling the open/close plate 15a. 

[0059] The charge container 20 is mounted under the hot storage container 1 1 . The charge container 20 receives the 
supply of reducing material from the hot storage container 1 1 . Further, the charge container 20 receives the supply of 

50 reducing material when the open/close valve 15 is open, and forcefully charges the reducing material to roller presses 
by driving an electric motor. The charge container 20 is described in more detail with reference to FIG. 2. 
[0060] FIG. 2 is a sectional view of the charge container 20 according to an embodiment of the present invention, and 
shows a cross section of the charge container 20 when cut along the direction reducing material is charged. 
[0061] The charge container 20 defines a hollow chamber 200 therein. An intake pipe 21 0 is connected to an upper 

55 portion of the hollow chamber 200 and supplies reducing material. Also, charge members 220a and 220b are mounted 
to both sides of the intake pipe 210 making an acute angle with a vertical direction, and are rotatably driven in this state 
such that reducing materials in the hollow chamber 200 are forcefully supplied to lower roller presses. In FIG. 2, although 
two charge members are shown, such a configuration is used for illustrative purposes only and the present invention is 
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not limited in this regard. Furtlier, since reducing materials are forcefully charged to roller presses from two directions 
that are slanted at an acute angle from the vertical direction, the amount of reducing material that is scattered or leaked 
out can be minimized, and identical amounts of the reducing material can be charged. 

[0062] The charge container 20 may vary the amount of reducing material that is charged to up to 60 tons per hour. 

The charge members 220a and 220b are screw-shaped. Electric motors 240a and 240b to rotatably drive the charge 
members 220a and 220b, respectively, are mounted to upper areas thereof, and screw-type configurations are formed 
at lower areas of the charge members 220a and 220b. The charge members 220a and 220b are made of a material 
highly resistant to high temperatures to thereby minimize resistance in high temperature conditions. Further, leakage 
preventing units 260a and 260b prevent reducing material from escaping through upper side surfaces when a pair of 
roller presses positioned at a lower area rotate. 

[0063] Referring back to FIG. 1 , at least a pair of roller presses 30 are mounted to a lower end of the charged container 
20. The roller presses 30 roll press the reducing material into continuous compacted material. The number of roller 
presses 30 shown is illustrative only, and the present invention is not limited in this regard. Hence, more than two roller 
presses may be mounted. 

[0064] The reducing materials are charged into the roller presses 30 from the charge container 20, and the roller 
presses 30 roll press the reducing material and produce continuous compacted material with protrusions formed on both 
pressed sides. The roller presses 30 perform roll pressing of the reducing material by rotating in opposite directions. It 
is preferable that the reducing material, which includes fine direct reduced iron, is roll pressed to 140 ~ 250 bar at a 
temperature of 400 ~ 800°C. 

[0065] Although not shown in FIG. 1, a first roller press 31 and a second roller press 33 are each connected to a 
hydraulic motor to be rotatably driven by the same. A hydraulic press unit 37 is mounted to the roller presses 30, and 
acts to vary a distance between the first roller press 31 and the second roller press 33 during rotation of the same. A 
thickness of the compacted material is varied by this operation. The distance may be varied horizontally. That is, the 
first roller press 31 undergoes rotation in a stationary position, while the second roller press 33 may be varied in position 
horizontally while undergoing rotation by the hydraulic press unit 37. It is also possible to switch this operation between 
the first roller press 31 and the second roller press 33. A slip-preventing layer 35 is mounted between the roller presses 
30 to prevent the roll-pressed compacted material from escaping out of the side of the roller presses 30. 
[0066] Although not shown in FIG. 1 , the roller presses 30 each include a main shaft that is connected to the hydraulic 
motors and roll tires that surround the main shaft. During roll pressing, coolant is passed through an inner area of the 
main shafts to cool the roller presses 30. Further, concave grooves are uniformly and continuously formed along an 
axial direction of the roller presses 30 on an outer surface of the roll tires, that is, on an outer surface of the roller presses 
30. Accordingly, protrusions are formed between adjacent concave grooves along a circumferential direction of the roller 
presses 30. The surface of the roller presses 30 is made of a material that can maximally prevent wear in high temperature 
conditions. 

[0067] A length of the concave grooves along the rotational direction of approximately 1-5 mm is suitable, and a 
vertical length from protrusions to a deepest point of the concave grooves of approximately 3-15 mm is appropriate. 
Also, a distance between adjacent protrusions of approximately 20-50 mm is suitable. 

[0068] A more detailed description of the surfaces of the roller presses will be provided with reference to FIG. 3. 
[0069] FIG. 3 is a drawing schematically showing roller presses and compacted material formed by the same according 

to an embodiment of the present invention. 

[0070] As shown in FIG. 3, when producing compacted material, a pair of the roller presses 30 is operated in a state 
where the protrusions of the second roller presses 33 are between the adjacent protrusions on the surface of the first 
roller press 31 . For example, a protrusion 33c of the second roller press 33 is positioned between adjacent protrusions 
31a and 31 b of the first roller press 31 . With this configuration, compacted material 500 that is continuous and has 
grooves that are unaligned from one side to the other may be formed. 

[0071] Further, in the embodiment of the present invention, it is preferable to operate the roller press in order to be a 

specific ratio of an arc length between a corresponding point of the first roller press 31 corresponding to a tip of a 
protrusion of the second roller press 33 and at least one tip of protrusion of the first roller press 31 , to an arc length 
between the tips of adjacent protrusions of the first roller press 31 , is between 0.3 and 0.5. That is, with reference to the 
enlarged circle of FIG. 3, m is an arc length between the tips of the adjacent protrusions 31 a and 31 b of the first roller 
press 31 , and n is an arc length from one of the tips of the adjacent protrusions 31 a and 31 b to a point 31 c on the first 
roller press 31 across from where there is positioned a tip of a protrusion 33c of the second roller press 33 corresponding 
to between the tips of the adjacent protrusions 31 a and 31b. With the variables m and n set in this manner, it is preferable 
that a ratio n/m is between 0.3 and 0.5. In FIG. 3, the arc length n is shown as the distance between the tip of the 
protrusion 31 a and the corresponding point 31c. However, the arc length n may just as easily be the distance between 
the tip of the protrusion 31 b and the corresponding point 31 c. 

[0072] The tip of the protrusion 33c of the second roller press 33 is positioned between the tips of the protrusions 31 
a and 31 b of the first roller press 31 and moves therebetween. As a result, the ratio of 0.3 to 0.5 is essentially the same 
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as the ratio of between 0.5 and 0.7. If the ratio n/m is less than 0.3, both protrusions on the pressed surfaces come to 
be adjacent such that a thickness of the compacted material is excessively reduced. This may result in the breaking of 
the compacted material. 

[0073] A cross sectional formation of compacted material manufactured using roller presses as described above will 
5 be described with reference to FIG. 4. FIG. 4 is a sectional view of the compacted material 500 manufactured according 
to an embodiment of the present invention, in which a cross section of the compacted material 500 is taken along a 
lengthwise direction thereof that is a direction perpendicular to an axial direction of the roller presses. 
[0074] The compacted material 500 according to the present invention is formed such that acute and obtuse angles 
are formed between a center line, which is formed along a length of the cross section cut along a lengthwise direction 
10 perpendicular to the axial direction of the roller presses, and connecting lines that connect grooves closest to each other 
across the cross sectional area. For example, a center line 5001 shown in FIG. 4 and a connecting line that connects 
two grooves 500a and 500b closest to each other across the cross sectional area form acute and obtuse angles where 
they intersect the center line 500! at an intersection point 500c. 

[0075] Further, in the compacted material 500 according to the present invention, if one of the pressed surfaces is 
15 referred to as a first surface and the other of the pressed surfaces is referred to as a second surface, grooves of the 
second surface are positioned between adjacent grooves of the first surface with respect to the cross section that is cut 
along a lengthwise direction perpendicular to the axial direction of the roller presses. For example, as shown in FIG. 4, 
a groove 500f of the second surface is positioned between adjacent grooves 500d and 500e of the first surface. 
[0076] In addition, the compacted material 500 manufactured according to the present invention is formed such that 
20 a ratio of an arc length between corresponding point of the first surface corresponding to a groove of the second surface 
and at least one groove of the adjacent grooves of the first surface, to an arc length between adjacent grooves of the 
first surface is between 0.3 and 0.5. For example, with reference to FIG. 4, if an arc length between the grooves 500d 
and 500e is k, and an arc length between a corresponding point 500g of the first surface across from the groove 500f 
of the second surface and one of the groove 500d of the first surface is I, then the ratio l/k is 0.3 to 0.5. The same ratio 
25 holds for when the groove 500e of the first surface is used. If the ratio l/k is less than 0.3, both groove on the pressed 
surfaces come to be adjacent such that a thickness of the compacted material is excessively reduced. This may result 
in the breaking of the compacted material. 

[0077] In the present invention, a thickness of the compacted material manufactured by operating the roller presses 
is 3-30 mm, and a density thereof is 3.5-4.2 tons/m^. If the thickness of the compacted material is less than 3 mm, it 

30 is possible for the same to break, while if greater than 30 mm the surface of the roller presses may become damaged 
as a result of the excessive size of the material passed therethrough. The compacted material is therefore manufactured 
to within this range of thicknesses. Further, since the compacted material is directly used in the melter-gasifier, a density 
of 3.5-4.2 tons/m^ of the compacted material ensures a sufficient level for transfer and a level that is not excessive for 
the pressure applied thereto by the roller presses during roller pressing such that there is only limited concern of damage 

35 to the roller presses. In a subsequent step, the roll pressed compacted material is crushed into predetermined sizes. 
[0078] Referring again to FIG. 1 , the first crusher 40 is mounted under-the roller presses 30. The first crusher 40 is a 
device for performing a primary separation/crushing operation of the compacted material formed by the roller presses 
30 to a size enabling charging into the melter-gasifier 430. The first crusher 40 is described in more detail with reference 
to FIG. 5. 

40 [0079] FIG. 5 is a drawing schematically showing an operation of roller presses and a first crusher according to an 
embodiment of the present invention. 

[0080] The roll pressed compacted material 500 is continuously formed and supplied from the roller presses 30, then 
is crushed in the first crusher 40. A support 46 guides the compacted material 500 toward the first crusher 40, and 
supports the first crusher 40 during crushing of the compacted material 500. The first crusher 40 is connected to a 

45 rotating axle of a hydraulic motor 49, and operates such that a plurality of crushing plates 41 delivers a pulverizing force 
to the compacted material to crush the same, spacer rings 43 are interposed between the crushing plates 41 to thereby 
adjust a gap between the crushing plates 41 . Further, the crushing plates 41 include a plurality of pointed protrusions 
45 such that impacts caused by inertial force during rotation of the crushing plates 41 separate and crush the compacted 
material 500. When crushed by the first crusher 40, an average grain size of the compacted material is 50 mm or less. 

50 Preferably, the average grain size is 30 mm or less as this is more suitable for use in the melter-gasifier, and the particles 
are irregularly shaped. 

[0081] Referring again to FIG. 1 , a hot branching unit 50 is mounted below the first crusher 40. The hot branching 
unit 50 performs a branching operation on the crushed hot compacted material to supply the same for cooling and 
storage or to the melter-gasifier. In FIG. 1 , the hot branching unit 50 is structured such that after the compacted material 
55 Is supplied through a supply opening 64, the hot compacted material is cooled in the cooler 60 and stored in the storage 
tank 69 after passing through a left exit opening 53. Alternatively, the hot compacted material is supplied to the melter- 
gasifier 430 after passing through a right exit opening 55. 

[0082] Although not shown, a branching plate that is operated by a hydraulic cylinder is rotatably mounted in the hot 
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branching unit 50 sucli tliat supply of tine compacted material to the left exit opening 53 or the right exit opening 55 may 
be controlled. The hot branching unit 50 is used, in particular, to supply the compacted material to the cooler 60 by 
changing the position of the branching plate in the case where a problem occurs in the melter-gasifier 430 such that the 
compacted material cannot be supplied or the quality of the compacted material is not suitable. 
[0083] The cooler 60 cools the hot compacted material in water then supplies the same to the storage tank 69. A more 
detailed description of the cooler 60 is provided below with reference to FIG. 6. 

[0084] FIG. 6 is a sectional view of a cooler according to an embodimentof the present invention. The cooler 60 shown 
in FIG. 6 includes a first conveyor 61 that receives the crushed compacted material and submerges the compacted 
material in water to cool the same, then transmits the cooled compacted material to the storage tank. The cooler 60 also 

includes a second conveyor 63 on which are mounted a plurality of blades 631 that collect crushed compacted material 
powder that has collected on the floor, and supply the powder to the storage tank. In addition to these elements, the 
cooler 60 may include various accessory devices needed to perform cooling. 

[0085] The first conveyor 61 and the second conveyor 63 mounted one above and one below are operated such that 
a belt made of an iron plate is rotated by rollers connected to a motor. Accordingly, the compacted material is cooled 
by water 67 filled in a water tank 65, after which the compacted material is transferred to an external storage tank. The 
storage tank 69 (see FIG. 1) stores the compacted material cooled in this manner for later use. 
[0086] Referring again to FIG. 1 , in a normal state, the hot compacted material separated by the hot branching unit 
50 is supplied to the hot separator 70 to thereby undergo a separating process. After crushing, the compacted material 
of a grain size of 50 mm or more, preferably 30 mm or more is separated by the hot separator 70. The hot separator 70 
is able to perform separating of a maximum of 120 tons per hour. The hot separator 70 includes a screen that is vibrated 
to separate particles of the desired size with respect to the compacted material provided through a supply opening. 
[0087] The hot separator 70 discharges compacted material of a grain size of 50 mm or more, preferably 30 mm or 
more, through a first discharge opening 73, and discharges compacted material that is less than this level of grain size 
through a second discharge opening 71 . Since the compacted material is not preferable for use in the melter-gasifier if 
its grain size exceeds 30 mm, a second crushing process must be performed. A second crusher 80 is mounted under 
the first discharge opening 73 of the hot separator 70. The second crusher 80 performs crushing for a second time of 
the compacted material so that it is crushed to a size preferred for use in the melter-gasifier 430. Further, the hot 
conveying unit 90 is mounted under the second discharge opening 71 of the hot separator 70. The hot conveying unit 
90 supplies the compacted material exiting the second discharge opening 71 to the melter-gasifier 430. 
[0088] Although not shown, the second crusher 80 comprises two crushing rolls. After a plurality of disk blades is 
secured using tie bolts and with space rings interposed therebetween, the resulting assembly is rotated using a hydraulic 
motor. As a result, protrusions formed on the blades are mounted adjacent to one another, and the compacted material 
of large grain sizes passing therebetween is crushed. Distances between the blades may be altered by varying a thickness 
of the space rings such that the compacted material is crushed to various grain sizes. By fixing one of two crushing rolls 
and displacing the other horizontally using a hydraulic apparatus, the distance between the crushing rolls may be 
adjusted. In addition, the compacted material may also be crushed by varying the rotational speed of the hydraulic motor 
by adjusting the amount of oil supplied thereto. 

[0089] The compacted material discharged through the second discharge unit 71 and the compacted material that is 
crushed a second time by the second crusher 80 are transmitted to a compacted material storage tank 95 by the hot 
conveying unit 90. The hot conveying unit 90 includes a plurality of sprockets mounted to a rotating shaft of a drive motor 
and a chain rotated by an endless track method. A bucket is connected to a pulley that is connected to the chain to 
transmit the compacted material to the compacted material storage tank 95. 

[0090] Pressure is made equal with the melter-gasifier 430 through a plurality of hot intermediate vessels 41 0 mounted 
under the compacted material storage tank 95. Next, the compacted material is charged to the melter-gasifier 430 from 
the compacted material storage tank 95. 

[0091] A preferable grain size distribution of the compacted material is as follows: 1 0 wt% or less of a grain size not 

exceeding 1mm, 5-30 wt% of 1-10 mm, 10-40 wt% of 10-20 mm, 10-40 wt% of 20-30 mm, and 20 wt% of 30-50 
mm. It is preferable that compacted material with an average grain size of 1 -30 mm comprises 25-1 00 wt% of the total. 
[0092] A coal packed bed comprising lump coals and shaped coals made of fine coals is formed in the melter-gasifier 
430. Oxygen (Og) is supplied to the coal packed bed through an outer wall of the melter-gasifier 430 to thereby manufacture 
molten iron. 

[0093] In the molten iron manufacturing apparatus 1 0 according to the embodiment of the present invention, if the hot 
compacted material makes contact with the atmosphere, there is the significant concern that heat may be generated or 
a fire might occur as a result of undergoing re-oxidation with oxygen. Therefore, to prevent oxidation of the compacted 
material, a nitrogen injection pipe for supplying nitrogen is installed to thereby perform filling of nitrogen so that oxygen 
density is reduced. With reference to FIG. 1 , nitrogen may be supplied to elements where the compacted material has 
a high chance of making contact with the atmosphere, that is, to the open/close valve 15, the roller presses 30, the first 
crusher 40, the second crusher 80, and the hot conveying unit 90. 
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[0094] FIG. 7 is a drawing scliematically sliowing a dust collector 700 according to an embodiment of the present 
invention. 

[0095] The dust collector 700 collects hot dust particles generated during transporting, charging, crushing, and sorting 
processes in the apparatus for manufacturing molten iron of the present invention. The dust collector 700 shown in FIG. 

5 7 is mounted to the roller presses 30, the first crusher 40, the cooler 60, the hot separator 70, the second crusher 80, 
and the hot conveying unit 90 all of FIG. 1 . The dust collector 700 includes a dust collecting port (not shown) for collecting 
dust particles generated at each of these elements, a wet scrubber 71 0 for wet scrubbing dust particles collected at the 
dust collecting port (not shown), and a dehumidifier 720 for removing the moisture from the dust particles that are wet 
scrubbed by the wet scrubber 710. Following the wet scrubbing process, the dust particles are discharged through a 

10 chimney 730. In the case where compacted material is manufactured through the above method, the amount of dust 
particles that is generated may be reduced to less than 5%. 

[0096] An experimental example of the present invention is described below. This experimental example is used only 
to illustrate the present invention, and is not meant to be restrictive. 

15 Experimental Examples 

[0097] Reducing materials in which there are mixed hot fine direct reduced iron and calcined additives at approximately 
750''C and discharged from the fluidized-bed reactor were manufactured into continuous compacted material using 
various types of roller presses. 

20 

First Comparative Example 

[0098] As shown by the left illustration of A of FIG. 8, compacted material was roll pressed using roller presses having 
a flat surface. As a result, compacted material having a thickness of 8mm and formed as shown by the right illustration 
25 of A of FIG. 8 was obtained. A density of the compacted material was 3.8 g/cm^, and dust particles of 1 mm or less at 
10 wt% were generated. Further, as shown in the right illustration of A of FIG. 8, there was observed a split along the 
length of the compacted material. 

Second Comparative Example 

30 

[0099] As shown by the left illustration of B of FIG. 8, compacted material was roll pressed using roller presses on a 
surface of which there were uniformly formed grooves. As a result, compacted material having a thickness of 10 mm 
and formed as shown by the right illustration of B of FIG. 8 was obtained. A density of the compacted material was 3.8 
g/cm^, and dust particles of 1 mm or less of 8 wt% were generated. However, because of the increased adhesivity 
35 between the fine direct reduced iron and the roller presses, a split was generated. 

Third Comparative Example 

[0100] As shown by the left illustration of C of FIG. 8, compacted material was roll pressed using a pair of roller presses 
40 on a surface of which there were uniformly and continuously formed depressed grooves along an axial direction of the 
roller presses. A configuration was used in which protrusions of one of the roller presses were aligned with the protrusions 
of the opposing roller presses, and when operated, the roller presses manufactured compacted material with a thickness 
of 1 6 mm. A density of the compacted material was 3.8 g/cm^. As shown by the right illustration of C of FIG. 8, grooves 
on opposite pressed sided were positioned opposing one another such that a break 80a was generated in the compacted 
45 material and a split 80b was formed along a lengthwise direction thereof. 

Embodiment 

[0101] With reference to FIG. 3, compacted material was roll pressed using a pair of roller presses on a surface of 
50 which there were uniformly and continuously formed depressed grooves along an axial direction of the roller presses. 
A configuration was used in which protrusions of one of the roller presses were unaligned with the protrusions of the 
opposing roller presses, that is, the protrusions of one of the roller presses were positioned between protrusions of the 
opposing pressing forming roll. When operated, the roller presses manufactured compacted material with a thickness 
of 16mm. Further, a density of the compacted material was 3.8 g/cm^, productivity was improved by 200%, and dust 
55 particles of 1 mm in size or less were 5 wt% of the total. 

[0102] The above information is summarized and presented in the table below. 
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Table 1 





Thickness 


Density 


Productivity 


Powder generation rate 


Break/Split 


Embodiment 


16 mm 


3.8 g/cm3 


200% 


5 wt% 


X 


First Comparative Example 


8 mm 


3.8 g/cm^ 


1 00% 


1 0 wt% 


O 


Second Comparative Example 


10 mm 


3.8 g/cm3 


120% 


8 wt% 


o 


Third Comparative Example 


16 mm 


3.8 g/cm3 






o 



[0103] As shown in Table 1, the compacted material manufactured according to the embodiment of the present 
invention may be produced to a thickness of 16 mm or less such that productivity was increased and the amount of 
powder generated was reduced. Further, in the embodiment of the present invention, no breaks or splits occurred, and 
the compacted material had superior properties compared to the compacted material manufactured according to the 
first through third comparative examples. 

[0104] In the apparatus and method for manufacturing molten iron using fine coal and fine iron ore of the present 
invention described above, a method of hot compacting fine direct reduced iron is provided to facilitate the manufacture 
of molten iron, and to improve efficiency and productivity. The present invention also allows more flexibility with respect 
to equipment operation during the manufacture of compacted material. 

[0105] In addition, by forming the compacted material in a state where the two roller presses are provided such that 
protrusions of one of two roller presses are positioned between the protrusions of the opposing roller presses, the 
grooves of the compacted material are unaligned on the opposite pressed surfaces to thereby prevent breaking or 
splitting of the compacted material. Accordingly, the roll pressed compacted material is supplied to the crusher in a 
continuously formed state to minimize the stress given to the crusher. 

[0106] Furthermore, the roller presses according to the present invention are formed such that with respect to an arc 
length between tips of adjacent protrusions on the surface of the first roller press, a ratio of an arc length from one of 
the tips of adjacent protrusions of the first roller press to a corresponding point of the first roller press across from a tip 
of a protrusion of the second roller press (between the tips of the adjacent protrusions) to an arc length between the 
tips of adjacent protrusions of the first roller press is between 0.3 and 0.5. This prevents breaks from being formed in 
the compacted material. 

[0107] The reducing material is charged in two slanted directions at acute angles to a direction perpendicular to the 
roller presses. As a result, scattering of the reducing material is prevented and the reducing material is efficiently roll 
pressed. 

[0108] Since the thickness of the compacted material is 3-30 mm, the compacted material does not break, and an 

amount of the same is significant such that damage to the roller presses is not incurred. 

[0109] In addition, since crushed compacted material may be bypassed, cooled, then stored, more flexibility is provided 
if there are problems with the melter-gasifier or defects in the compacted material. 

[0110] Further, since the compacted material manufactured using the method for manufacturing molten iron of the 
present invention is directly used in the melter-gasifier, a density of approximately 3.5-4.2 tons/m^ is sufficient to enable 
transport, and is such that the pressure applied to the roller presses during roll pressing is limited such that damage to 
the roller presses does not occur. 

[01 1 1] Although embodiments of the present invention have been described in detail hereinabove in connection with 
certain exemplary embodiments, it should be understood that the invention is not limited to the disclosed exemplary 
embodiments, but, on the contrary is intended to cover various modifications and/or equivalent arrangements included 
within the spirit and scope of the present invention, as defined in the appended claims. 



Claims 

1 . A method for manufacturing molten iron, comprising the steps of: 

producing reduced materials comprising hot fine direct reduced iron, the reducing material being produced from 

a fluidized bed reactor unit; 

charging the fine direct reduced iron to at least one pair of roller presses (30); 

roll pressing the reducing material through the one pair of roller presses (30) to produce continuous compacted 
material (500) having grooves (500a, 500b) formed on pressed surfaces: 
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crushing the compacted material (500); 

charging the crushed compacted material to a coal packed bed; and supplying oxygen to the coal packed 
bed to manufacture molten iron, wherein in the producing compacted material (500), from a cross section 
where the compacted material (500) is cut along a lengthwise direction thereof that is perpendicular to an 
axial direction of the roller presses (30), a groove (500f) of a second surface is positioned between two 
adjacent grooves (500d, 500e) of a first surface. 

2. The method of claim 1 , wherein the step of charging the reducing material comprises charging the reducing material 
in two slanted directions at acute angles to a direction perpendicular to the roller presses (30). 

3. The method of claim 1 , further comprising the steps of: 

bypassing the crushed compacted material; 
cooling the bypassed compacted material; and 
storing the cooled compacted material. 

4. The method of claim 1 , further comprising the step of performing asecond crushing process of the crushed compacted 
material in the case where an average grain size of the crushed compacted material exceeds 30 mm. 

5. The method of claim 1 , further comprising the step of supplying nitrogen in each step. 

6. The method of claim 1 , further comprising the steps of: 

collecting dust particles generated in each step; 
wet scrubbing the collected dust particles; 

removing moisture from the wet scrubbed dust particles; and discharging the dust particles from which moisture 

has been removed to the outside. 

7. The method of claimi , wherein a ratio of an arc length between corresponding point (500g) of the first surface 
corresponding to a groove (500f) of the second surface and at least one groove of the adjacent grooves (500d, 
500e) of the first surface, to an arc length between adjacent grooves of the first surface is between 0.3 and 0.5. 

8. The method of claim 1 , further comprising the step of mixing hot calcined additives from multiple fluidized beds with 
the fine direct reduced iron and performing each step. 

9. The method of claim 8, wherein the calcined additives are 3 to 20 wt% of the total compacted material. 

10. The method of claim 8, wherein in the step of producing the compacted material (500), the fine direct molten iron 
is roll pressed at a temperature of 400 to 800°C by the one pair of roller presses (30). 

11. The method of claim 8, wherein in the step of producing the compacted material (500), the fine direct molten iron 
is roll pressed to 140 to 250 bar by the one pair of roller presses (30). 

12. The method of claim 8, wherein in the step of producing the compacted material (500) the produced compacted 
material (500) has a thickness of 3 to 30 mm and a density of 3.5 to 4.2 tons/m^. 

13. The method of claim 8, wherein in the step of crushing the compacted material (500), an average grain size of the 
compacted material is 50 mm or less, and the crushing performed produces irregular shapes. 

14. The method of claim 13, wherein the average grain size of the compacted material is 30 mm or less. 

15. The method of claim 8, wherein in the step of charging the crushed compacted material to a coal packed bed, the 
compacted material with a grain size of 1 to 30 mm comprises 25 to 100 wt% of the total. 

16. An apparatus for manufacturing molten iron, comprising: 

a charge container (20) receiving the supply of reduced material comprising hot fine direct reduced irons from 
at least one fluidized-bed reactor unit (300) are mixed; 
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at least one pair of roller presses (30) to which the fine direct reduced iron is supplied to undergo roll pressing, 
thereby producing continuous compacted material (500); 

a crusher (40) crushing the compacted material (500) produced by the roller presses (39); and 

a melter-gasifier (430) to which is charged crushed compacted material that is crushed by the crusher (40), 

5 

wherein concave grooves are uniformly and continuously formed along an axial direction of the at least one pair of 
roller presses (30) on an outer surface thereof, and protrusions are formed between adjacent concave grooves 
along a circumferential direction of the roller presses (30); and 

wherein the at least one pair of roller presses (39) are formed such that a protrusion (33c) of a second roller press 
10 (30) is positioned between two adjacent protrusions (31 a, 31 b) of a first roller press (31) during producing the 

compacted material (500). 

17. The apparatus of claim 16, wherein the charge container (20) comprises: 

15 a hollow chamber (200) positioned above an area corresponding to between the roller presses (30); 

an intake pipe (210) connected to an upper portion of the hollow chamber (200) and that supplies reducing 
material thereto; and 

charge members (220a, 220b) mounted to both sides of the intake pipe (210) making an acute angle with a 
vertical direction of the roller presses (30), and that are rotatably driven in this state such that reducing material 
20 in the hollow chamber (200) is charged to the roller presses (30). 

18. The apparatus of claim 16, further comprising: 

a cooler (60) for bypassing the crushed compacted material and cooling the same with water; and 
25 a storage tank (69) for transporting and storing the compacted material cooled by the cooler (60). 

19. The apparatus of claim 18, wherein the cooler (60) comprises: 

a first conveyor (61) that receives the crushed compacted material and submerges the compacted material in 
30 water to cool the same, then transmits the cooled compacted material to the storage tank (69) and 

a second conveyor (63) on which are mounted a plurality of blades (631 ) that collect crushed compacted material 
powder that has collected on the floor, and that supply the powder to the storage tank (69). 

20. The apparatus of claim 16, further comprising: 

35 

a hot separator (70) for separating compacted material among the crushed compacted material with a grain 
size of 30 mm or more; and 

an additional crusher (80) for re-crushing the compacted material selected by the hot separator (70). 

40 21. The apparatus of claim 20, further comprising a nitrogen supply device for supplying nitrogen to the additional 
crusher (80). 

22. The apparatus of claim 16, further comprising a nitrogen supply device for supplying nitrogen to the roller presses 
and the crusher (80). 

45 

23. The apparatus of claim 16, wherein the roller presses (30) are formed such that a ratio of an arc length between a 

corresponding point (31 c) of the first roller press (31) corresponding to a tip of a protrusion (33c) of the second 
roller press (30) and at least one tip of protrusions of the first roller press (31), to an arc length between the tips of 
adjacent protrusions (31 a, 31 b) of the first roller press (31), is between 0.3 and 0.5. 

50 

24. The apparatus of claim 1 6, wherein the roller presses (30) further comprise a hydraulic press unit (37), and the first 
roller press (31) undergoes rotation in a stationary position while the second roller press (33) may be varied in 
position to adjust an interval with the first roller press (31) by the hydraulic press unit (37). 

55 25. The apparatus of claim 1 6, further comprising: 

a dust collecting port collecting dust particles generated in the charge container (20), the roller presses (30) 
and the crusher (40), 
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a wet scrubber (710) for wet scrubbing dust particles collected at tine dust collecting port; and 

a dehumidifier (720) for removing the moisture from the dust particles that are wet scrubbed by the wet scrubber 

(710). 

26. The apparatus of claim 1 6, wherein the compacted material (500) produced by the roller presses (30) has a thickness 
of 3 to 30 mm and a density of 3.5 to 4.2 tons/m^. 

27. The apparatus of claim 1 6, wherein an average grain size of the crushed compacted material is 50 mm or less, and 
crushing is performed to irregular shapes. 



Patentanspruche 

1. Verfahren zum Herstellen von schmelzflussigem Eisen mitfolgenden Schritten: 

Herstellen von reduziertem Material, das heiBes feines direkt reduziertes Eisen aufweist, wobei das reduzierte 
Material in einer Wirbelschichtreaktoreinheit hergestellt wird; 

Chargieren von mindestens einem Paar Druckwalzen (30) mit dem feinen direkt reduzierten Eisen; 
Druckwalzen des reduzierten Materials mittels des mindestens einen Paares Druckwalzen (30) um ein konti- 
nuierliches verdichtetes Material (500) mit Vertiefungen (500a, 500b), die auf der gepressten Oberflache aus- 
gebildet sind, herzustellen; 
Brechen des verdichteten Materials (500); 

Chargieren einer Kohlenschuttschicht mit dem gebrochenen verdichteten Material; und 
Zufuhren von Sauerstoff an die Kohlenschuttschicht, um schmelzflussiges Eisen herzustellen, wobei in dem 
erzeugenden verdichteten Material (500), von einem Querschnitt aus, wo das verdichtete Material (500) entlang 
seiner Langsrichtung, die senkrecht zu einer axialen Richtung der Druckwalzen (30) verlauft, eingekerbt ist, 
eine Vertiefung (500f) einer zweiten Flache zwischen zwei benachbarten Vertiefungen (500d, 500e) einer ersten 
Flache angeordnet ist. 

2. Verfahren nach Anspruch 1 , wobei der Schritt des Chargierens des reduzierten Materials das Chargieren des 
reduzierten Materials in zwei im spitzen Winkel zu einer Richtung senkrecht zu den Druckwalzen (30) angeschragten 
Richtungen umfasst. 

3. Verfahren nach Anspruch 1 mit weiterhin den Schritten: 

Umleiten des gebrochenen verdichteten Materials; 
Kuhlen des umgeleiteten verdichteten Materials; und 
Lagern des gekuhlten verdichteten Materials. 

4. Verfahren nach Anspruch 1 , weiterhin den Schritt umfassend: 

Durchfuhren eines zweiten Brechprozesses des gebrochenen verdichteten Materials, falls eine durchschnittliche 
KorngroBe des gebrochenen kompakten Materials 30mm ubersteigt. 

5. Verfahren nach Anspruch 1 , weiterhin den Schritt umfassend: 

Zufuhren von Stickstoff in jedem Schritt. 

6. Verfahren nach Anspruch 1 , weiterhin die Schritte umfassend: 

Sammein der in jedem Schritt erzeugten Staubpartikel; 

Nasswaschen der gesammelten Staubpartikel; 

Entfernen von Feuchtigkeit aus den nassgewaschenen Staubpartikein; und 
Transportieren der Staubpartikel, aus denen die Feuchtigkeit entfernt wurde, nach auBen. 

7. Verfahren nach Anspruch 1 , wobei ein Verhaltnis einer Bogenlange zwischen einem korrespondierenden Punkt 
(500g) auf der ersten Flache, der einer Vertiefung (500f) auf der zweiten Flache entspricht, und mindestens einer 
Vertiefung der benachbarten Vertiefungen (500d, 500e) der ersten Flache, zu einer Bogenlange zwischen benach- 
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barten Vertiefungen der ersten Flache zwischen 0,3 und 0,5 liegt. 

8. Verfahren nach Anspruch 1 , weiterhin den Schritt umfassend: 

Mischen von heiBen kalzinierten Zusatzen aus mehreren Wirbelschichten mit dem feinen direkt reduzierten 
Eisen und Durchfuhren von jedem Schritt. 

9. Verfahren nach Anspruch 8, wobei die kalzinierten Zusatze 3 bis 20 Gewichtsprozent des gesamten verdichteten 
Materials betragen. 

10. Verfahren nach Anspruch 8, wobei in dem Schritt des Herstellens des verdichteten Materials (500) das feine direkt 
reduzierte schmelzflussige Eisen bei einer Temperatur von 400 bis 800'C durch das Druckwalzenpaar (30) druck- 
gewalzt wird. 

11. Verfahren nach Anspruch 8, wobei in dem Schritt des Herstellens des verdichteten Materials (500) das feine direkt 
reduzierte schmelzflussige Eisen bei einem Druck von 1 40 bis 250 bar durch das Druckwalzenpaar (30) druckgewalzt 
wird. 

12. Verfahren nach Anspruch 8, wobei in dem Schritt des Herstellens des verdichteten Materials (500) das hergestellte 
verdichtete Material (500) eine Dicke von 3 bis 30 mm und eine Dichte von 3,5 bis 4,2 t/m^ aufweist. 

13. Verfahren nach Anspruch 8, wobei in dem Schritt des Brechens des verdichteten Materials (500) eine durchschnitt- 
liche KorngroBe des verdichteten Materials 50 mm oder weniger betragt und das Brechen unregelmaBige Formen 
produziert. 

1 4. Verfahren nach Anspruch 1 3, wobei die durchschnittliche KorngroBe des verdichteten Materials 30 mm oder weniger 

betragt. 

15. Verfahren nach Anspruch 8, wobei in dem Schritt des Chargierens der Kohlenschuttschicht mit dem gebrochenen 
verdichteten Materials das verdichtete Material mit einer KorngroBe von 1 bis 30 mm 25 bis 100 Gewichtsprozent 
von dem Gesamtgewicht umfasst. 

16. Vorrichtung zum Herstellen von geschmolzenem Eisen mit: 

einem Chargenbehalter (20), der die Zufuhr von reduziertem Material, das heiBes feines direkt reduziertes 

Eisen von mindestens einer Wirbelschichtreaktoreinheit (300) gemischt umfasst aufnimmt; 

einem Paar Druckwalzen (30), denen das feine direkt reduzierte Eisen zugefuhrt wird, um einem Druckwalzen 

unterzogen zu werden, wodurch ein kontinuierlich verdichtetes Material (500) hergestellt ist; 

einer Brechvorrichtung (40) zum Brechen des verdichteten Materials (500), das durch die Druckwalzen (30) 

hergestellt ist; und 

einem Schmelzofenvergaser (34), der mit dem gebrochenen verdichteten Material, das von der Brechvorrichtung 
(40) gebrochen ist, chargiert ist, 

wobei einheitlich und kontinuierlich entlang einer axialen Richtung des min-destens einen Druckwalzenpaares (30), 
auf deren auBeren Flache konkave Einbuchtungen ausgebildet sind, und zwischen benachbarten konkaven Ver- 
tiefungen entlang einer Umfangsrichtung der Druckwalzen (30) Vorspriinge ausgebildet sind, und 
wobei das mindestens eine Druckwalzenpaar (39) derart ausgebildet ist, dass ein Vorsprung (33c) einer zweiten 
Druckwaize (30) zwischen zwei benachbarten Vorsprungen (31 a, 31 b) einer ersten Druckwaize (31) wahrend des 
Herstellens des verdichteten Materials (500) angeordnet ist. 

17. Vorrichtung nach Anspruch 16, wobei der Chargenbehalter (20) umfasst: 

eine hohle Kammer (200), die uber einem entsprechenden Bereich zwischen den Druckwalzen (30) angeordnet 
ist; 

eine Einlassrohre (210), die mit einem auBeren Bereich der hohlen Kammer (200) verbunden ist und die dieser 
reduziertes Material zufiihrt; und 

Chargierelemente (220a, 220b), die an beiden Seiten der Einlassrohre (210) befestigt sind, die einen spitzen 
Winkel mit einer senkrechten Richtung der Druckwalzen (30) bilden und die drehbar in einen Zustand bringbar 
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sind, so dass die Druckwalzen (30) mit reduziertem Material aus der hohlen Kammer (200) chargiert sind. 

18. Vorrichtung nach Anspruch 16 mit weiterhin: 

5 einer Kulilvorrichtung (60) zum Umleiten des gebrochenen verdichteten Materials und Kuhlen desselbigen mit 

Wasser; und 

einem Lagerbehalter (69) zum Transportieren und Lagern des verdiclnteten Materials, das mittels der Kuhlvor- 
riclntung (60) gekulilt ist. 

10 19. Vorrichtung nacli Ansprucli 18, wobei die Kiihlvorrichtung (60) umfasst: 

eine erste Transportvorrichtung (61), die das gebrochene verdiclntete Material aufnimmt und das verdichtete 
Material in Wasser taucht, um selbiges zu kuhlen, und dann das gekiihlte verdichtete Material in den Lagerbe- 
halter (69) uberfuhrt und 

15 eine zweite Transportvorrichtung (63), an welcher mehrere Schneidblatter (631) angebracht sind, die gebro- 

chenen kompakten Materialstaub, der sich auf dem Boden angesammelt hat, sammelt und den Staub dem 
Lagerbehalter (69) zufuhrt. 

20. Vorrichtung nach Anspruch 16 mit weiterhin: 

20 

einer HeiBtrennvorrichtung (70) zum Trennen von verdichtetem Material mit einer KorngroBe von 30 mm oder 
mehr aus dem gebrochenen verdichteten Material; und 

einer zusatzlichen Brechvorrichtung, zum wiederholten Brechen des verdichteten Materials, das durch die 
HeiBtrennvorrichtung (70) selektiert wurde. 

25 

21. Vorrichtung nach Anspruch 20 mit weiterhin einer Stickstoffzufuhrvorrichtung zum Zufiihren von Stickstoff an die 

zusatzliche Brechvorrichtung (80). 

22. Vorrichtung nach Anspruch 16 mit weiterhin einer Stickstoffzufuhrvorrichtung zum Zufuhren von Stickstoff an die 
30 Druckwalzen und die Brechvorrichtung (80). 

23. Vorrichtung nach Anspruch 16, wobei die Druckwalzen (30) derart ausgebildet sind, dass ein Verhaltnis einer 
Bogenlange zwischen einem entsprechenden Punkt (31 c) auf der ersten Druckwaize (31), der einer Spitze eines 
Vorsprungs (33) auf der zweiten Druckwaize (30) entspricht und mindestens einer Spitze der Vorsprunge auf der 

35 ersten Druckwaize (31), zu einer Bogenlange zwischen den Spitzen von benachbarten Vorsprungen (31 a, 31 b) 

auf der ersten Druckwaize (31), zwischen 0,3 und 0,5 liegt. 

24. Vorrichtung nach Anspruch 1 6, wobei die Druckwalzen (30) weiterhin eine hydraulische Druckeinheit (37) aufweisen 
und die erste Druckwaize (31 ) eine Drehung in einer stationaren Position vollzieht, wahrend die zweite Druckwaize 

40 (33) in ihrer Position variierbar ist, um einen Zwischenraum zu der ersten Druckwaize (31) durch die hydraulische 

Druckeinheit (37) zu justieren. 

25. Vorrichtung nach Anspruch 16 mit weiterhin: 

45 einer Staubsammeloffnung, die Staubpartikel, die in dem Chargenbehalter (20), den Druckwalzen (30) und der 

Brechervorrichtung (40) erzeugt werden, sammelt; 

einer Nasswaschvorrichtung (710) zum Nasswaschen der Staubpartikel, die von der Staubsammeloffnung 

gesammelt sind; und 

einem Entfeuchter (720) zum Entfernen von Feuchtigkeit aus den Staubpartikein, die durch die Nasswasch- 
50 vorrichtung (710) nassgewaschen sind. 

26. Vorrichtung nach Anspruch 16, wobei das verdichtete Material (500), das durch die Druckwalzen (30) hergestellt 
ist, eine Dicke von 3 bis 30 mm und eine Dichte von 3,5 bis 4,2 t/m^ aufweist. 

55 27. Vorrichtung nach Anspruch 16, wobei eine durchschnittliche KorngroBe des gebrochenen verdichteten Materials 
50 mm Oder weniger ist, und das Brechen in unregelmaBige Form erfolgt. 
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Revendications 

1 . Precede de fabrication de fer fondu, comprenant les etapes consistant a : 

produire des materiaux reduits comprenant du fer fin obtenu par reduction directe a chaud, le materiau reduit 
etant produit a partir d'une unite de reacteur a lit fluidise ; 

charger le fer fin obtenu par reduction directe sur au moins une paire de presses a rouleaux (30) ; 
compresser par rouleaux le materiau reduit a travers au moins une paire de presses a rouleaux (30) pour 
produire un materiau compacte continu (500) presentant des rainures (500a, 500b) formees sur les surfaces 

compresses ; 

broyer le materiau compacte (500) ; 

charger le materiau compacte broye sur un lit fixe de charbon ; et fournir de I'oxygene au lit fixe de charbon 

pour fabriquer du fer fondu, dans lequel dans le materiau compacte produit (500), a partir d'une section trans- 
versale dans laquelle le materiau compacte (500) est decoupe le long d'une direction longitudinale de ce dernier 
qui est perpendiculaire a une direction axiale des presses a rouleaux (30), une rainure (500f) d'une seconde 
surface est positionnee entre deux rainures adjacentes (500d, 500e) d'une premiere surface. 

2. Precede selon la revendication 1 , dans lequel I'etape consistant a charger le materiau reduit comprend le chargement 
du materiau de reduction dans deux directions inclinees a angles aigus dans une direction perpendiculaire aux 
presses a rouleaux (30). 

3. Precede selon la revendication 1 , comprenant en outre les etapes consistant a : 

devier le materiau compacte broye ; 
refroidir le materiau compacte devie ; et 
stocker le materiau compacte refroidi. 

4. Precede selon la revendication 1 , comprenant en outre I'etape consistant a realiser un second processus de broyage 
du materiau compacte broye dans le cas ou une taille de grain meyenne du materiau compacte broye depasse 30 mm. 

5. Precede selon la revendication 1 , comprenant en outre I'etape consistant a fournir de I'azete a chaque etape. 

6. Precede selon la revendication 1 , comprenant en outre les etapes consistant a : 

collecter les particules de poussiere generees a chaque etape ; 
epurer par voie humide les particules de poussiere collectees ; 

retirer I'humidite des particules de poussiere epurees par voie humide ; et decharger les particules de poussiere 
dent I'humidite a ete retiree vers I'exterieur. 

7. Precede selon la revendication 1 , dans lequel un rapport d'une longueur d'arc entre un point correspondant (500 
g) de la premiere surface correspondant a une rainure (500f) de la seconde surface et au moins une rainure des 
rainures adjacentes (500d, 500e) de la premiere surface, sur une longueur d'arc entre des rainures adjacentes de 
la premiere surface est cempris entre 0,3 et 0,5. 

8. Precede selon la revendication 1 , comprenant en outre I'etape consistant a melanger des additifs calcines chauds 
issus de multiples lits fluidises avec le fer fin obtenu par reduction directe et la realisation de chaque etape. 

9. Precede selon la revendication 8, les additifs calcines representent 3 a 20 % en poids du materiau compacte total. 

10. Precede selon la revendication 8, dans lequel dans I'etape consistant a produire le materiau compacte (500), le fer 
fondu fin obtenu par reduction directe est compresse par rouleaux a une temperature de 400 a 800 'C par la paire 
de presses a rouleaux (30). 

11. Precede selon la revendication 8, dans lequel dans I'etape consistant a produire le materiau compacte (500), le fer 
fondu fin obtenu par reduction directe est compresse par rouleaux a une pression de 140 a 250 bar par la paire de 
presses a rouleaux (30). 

12. Precede selon la revendication 8, dans lequel dans I'etape de production du materiau compacte (500), le materiau 
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compacte produit (500) presente une epaisseur de 3 a 30 mm et une densite de 3,5 a 4,2 tonnes/m^. 

13. Precede selon la revendication 8, dans lequel dans I'etape consistant a broyer le materiau compacte (500), une 
taille de grain moyenne du materiau compacte est de 50 mm ou moins, et ie broyage realise produit des formes 

5 irregulieres. 

14. Precede selon la revendication 13, dans lequel la taille de grain moyenne du materiau compacte est de 30 mm ou 
moins. 

10 15. Precede selen la revendication 8, dans lequel dans I'etape consistant a charger le materiau compacte broye sur 
un lit fixe de charbon, le materiau compacte avec une taille de grain de 1 a 30 mm comprend 25 a 1 00 % en poids 
du total. 

16. Appareil destine a fabriquer du fer fondu, comprenant : 

15 

un conteneur de charge (20) recevant I'approvisionnement en materiau reduit comprenant des fers fin obtenus 
par reduction directe a chaud depuis au moins une unite de reacteur a lit fluidise (300) qui sont melanges ; 
au moins une paire de presses a rouleaux (30) sur lesquelles le fer fin obtenu par reduction directe est fourni 
pour subir une compression par rouleaux, produisant ainsi un materiau compacte continu (500) ; 
20 un broyeur (40) broyant le materiau compacte (500) produit par les presses a rouleaux (39) ; et 

un pot de fusion-gazeifieur (430)sur lequel est charge le materiau compacte broye qui est broye par le broyeur 
(40), 

dans lequel des rainures concaves sontformees de maniere uniforme et continue le long d'une direction axiale d'au 
25 moins une paire de presses a rouleaux (30) sur une surface externe de celle-ci, et des saillies sont formees entre 

des rainures concaves adjacentes le long d'une direction circonferentielle des presses a rouleaux (30) ; et 
dans lequel au moins une paire de presses a rouleaux (39) est formee de telle sorte qu'une saillie (33c) d'une 
seconde presse a rouleaux (30) soit positionnee entre deux saillies adjacentes (31a, 31b) d'une premiere presse 
a rouleaux (31) pendant la production du materiau compacte (500). 

30 

17. Appareil selon la revendication 16, dans lequel le conteneur de charge (20) comprend : 

une chambre creuse (200) positionnee au-dessus d'une zone correspondant a la zone entre les deux presses 
a rouleaux (30) ; 

35 un conduit d'admission (21 0) raccorde a une partie superieure de la chambre creuse (200) et qui approvisionne 

cette derniere en materiau de reduction ; et 

des elements de charge (220a, 220b) montes des deux cotes du conduit d'admission (210), realisant un angle 
aigu avec une direction verticale des presses a rouleaux (30), et qui sont entrames de maniere rotative dans 
cet etat de telle sorte que le materiau de reduction dans la chambre creuse (200) soit charge sur les presses 

40 a rouleaux (30). 

18. Appareil selon la revendication 16, comprenant en outre : 

un refroidisseur (60) destine a devier le materiau compacte broye et a refroidir ce dernier avec de I'eau ; et 
45 un reservoir de stockage (69) destine a transporter et stocker le materiau compacte refroidi par le refroidisseur 

(60). 

19. Appareil selon la revendication 18, dans lequel le refroidisseur (60) comprend : 

50 un premier convoyeur (61) qui regoit le materiau compacte broye et plonge le materiau compacte dans I'eau 

pour le refroidir, puis transmet le materiau compacte refroidi au reservoir de stockage (69) et 
un second convoyeur (63) sur lequel sont montees plusieurs lames (631) qui collectent la poudre de materiau 
compacte broye qui s'est accumulee sur le sol, et qui fournissent la poudre au reservoir de stockage (69). 

55 20. Appareil selon la revendication 16, comprenant en outre : 

un separateur a chaud (70) pour separer le materiau compacte presentant une taille de grain de 30 mm ou 
plus du reste du materiau compacte broye ; et 
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un broyeur supplementaire (80) pour broyer a nouveau le materiau compacte selectionne par le separateur a 
chaud (70). 

21. Appareil selon la revendication 20, comprenant en outre un dispositif d'alimentation en azote destine a fournir de 
I'azote au broyeur supplementaire (80). 

22. Appareil selon la revendication 16, comprenant en outre un dispositif d'alimentation en azote destine a fournir de 
I'azote aux presses a rouleaux et au broyeur (80). 

23. Appareil selon la revendication 1 6, dans lequel les presses a rouleaux (30) sent formees de telle sorte qu'un rapport 
d'une longueur d'arc entre un point correspondant (31c) de la premiere presse a rouleaux (31) correspondant a 
une extremite d'une saillie (33c) de la seconde presse a rouleaux (30) et au moins une extremite de saillies de la 
premiere presse a rouleaux (31), sur une longueur d'arc entre les extremites de saillies adjacentes (31a, 31b) de 
la premiere presse a rouleaux (31), soit compris entre 0,3 et 0,5. 

24. Appareil selon la revendication 16, dans lequel les presses a rouleaux (30) comprennent en outre une unite de 
presse hydraulique (37), et la premiere presse a rouleaux (31) est soumise a une rotation dans une position sta- 
tionnaire, tandis que la seconde presse a rouleaux (33) peut changer de position pour ajuster un intervalle avec la 
premiere presse a rouleaux (31) au moyen de I'unite de presse hydraulique (37). 

25. Appareil selon la revendication 16, comprenant en outre : 

un orifice de collecte de poussiere destine a collecter les particules de poussiere generees dans le conteneur 
de charge (20), les presses a rouleaux (30) et le broyeur (40), 

un epurateur par voie humide (71 0) destine a epurer par vole humide les particules de poussiere collectees au 

niveau de I'orifice de collecte de poussiere ; et 

un deshumidif icateur (720) destine a retirer I'humidite des parties de poussiere qui sent epurees par voie humide 
par I'epurateur par voie humide (710). 

26. Appareil selon la revendication 16, dans lequel le materiau compacte (500) produit par les presses a rouleaux (30) 
presente une epaisseur de 3 a 30 mm et une densite de 3,5 a 4,2 tonnes/m^. 

27. Appareil selon la revendication 16, dans lequel une taille de grain moyenne du materiau compacte broye est de 50 
mm ou moins, et le broyage est realise en des formes irregulieres. 
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Fig. 4 
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Fig. 8 
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Fig. 9 
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